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METHODS FOR THE DETECTION OF
ANALYTES IN SMALL-VOLUME BLOOD
SAMPLES

CROSS REFERENCE

This application is a continuation application of U.S. Ser.
No. 11/939,509, filed on Nov. 13, 2007, which claims the
benefit of U.S. Provisional Application No. 60/865,805 filed
Nov. 14, 2006, which is incorporated herein by reference in
its entirety.

BACKGROUND OF THE INVENTION

Many medical procedures require tests to be performed
with a sample of a patient’s fluid. The ability to rapidly and
accurately detect a wide range of analytes present in a bodily
fluid is often critical for diagnosis, prognosis, and treatment
of diseases.

Traditionally, detecting a range of analytes present in a
bodily fluid such as blood has been performed in laborato-
ries by trained technicians. Performing such assays is usu-
ally time-consuming and costly. The desire for rapid turn-
around time creates a need to facilitate testing that can be
delivered at the point-of-care. Point-of-care testing is par-
ticularly desirable because it rapidly delivers results to
medical practitioners, enables faster consultation, and
avoids unattended deterioration of a patient’s condition.

Although several point of care testing devices are avail-
able, the majority of which is adapted to detect a single
analyte, or one type of analytes for a single indication.
Examples of such point of care devices are tests for glucose,
drugs of abuse, serum cholesterol, pregnancy, or ovulation.

Thus, there remains a need for alternative designs of point
of care systems that are capable of detecting a range of
analytes from bodily fluid. A desirable system would allow
quantitative and qualitative measurements of analytes in a
more cost effective and timely fashion. The present inven-
tion addresses this need and provides related advantages as
well.

SUMMARY OF THE INVENTION

One aspect of the present invention is the design of a
system to effect detection of different analytes in a bodily
fluid. In one embodiment, the present invention provides a
system that typically comprises a) a fluidic device compris-
ing a cartridge, said cartridge comprising a sample collection
unit and an assay assembly, wherein said sample collection
unit allows a sample of bodily fluid to react with reactants
contained within said assay assembly to yield a colored
product having an absorbance spectrum corresponding to at
least one wavelength from a light source; b) a light source
transmitting the at least one wavelength to the assay assem-
bly; and ¢) a detector that detects absorption of light of the
at least one wavelength, wherein said absorption is indica-
tive of the presence of the analyte in said bodily fluid. In
general, the amount of absorption is related to the concen-
tration of the analyte in the bodily fluid. Preferably, the
amount of absorption is stoichiometrically related to the
concentration of the analyte in the bodily fluid. The subject
system is preferably configured to be a point-of-care system.

In a related but separate embodiment, the present inven-
tion provides a fluidic device capable of detecting the
presence or absence of an analyte in a bodily fluid from a
subject. The fluidic device can be part of the system
described above. The subject fluidic device typically com-
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prises (a) a cartridge, said cartridge comprising a sample
collection unit, an assay assembly, and (b) a light source,
wherein said sample collection unit is configured to collect
a sample of bodily fluid from said subject and wherein said
assay assembly comprises at least one reaction site contain-
ing a reactant that reacts with said analyte to yield a colored
product having an absorbance spectrum corresponding to at
least one wavelength from said light source. Where desired,
the fluidic device can be employed to detect a plurality of
analytes.

The assay assembly employed in the subject fluidic device
or system is generally configured to run an enzymatic assay
yielding a colored product. The assay assembly can be
configured to run assays capable of detecting a wide variety
of analytes. Non-limiting exemplary analytes include drug,
drug metabolite, biomarker indicative of a disease, tissue
specific marker, and tissue specific enzyme. Preferred ana-
lytes for detection include without limitation HDL choles-
terol, LDL cholesterol, total cholesterol, lipids, and glucose.
Where desired, the assay assembly is configured to run an
immunoassay.

The light source employed in the subject fluidic device or
system typically produces at least one wavelength corre-
sponding to the absorbance spectrum of the colored product
generated by an assay. A suitable light source can comprise
a light emitting diode and/or luminescent paint. Where
luminescent paint is used as the light source, it is typically
coated on the assay assembly.

The present invention also provides a method of detecting
an analyte in a bodily fluid from a subject. The method
typically involves the steps of a) introducing a sample of
bodily fluid into a fluidic device comprising a sample
collection unit and an assay assembly, said assay assembly
comprising reactants that are capable of reacting with said
analytes; b) allowing said sample of bodily fluid to react
with said reactants contained within said assay assembly to
yield a colored product having an absorbance spectrum
corresponding to at least one wavelength from a light
source; ¢) transmitting the at least one wavelength to the
fluidic device from said light source; and d) detecting
absorption of light of the at least one wavelength transmitted
to the fluidic device, wherein said absorption is indicative of
the presence of the analyte in said bodily fluid. The method
can be employed to detect analytes in a sample of bodily
fluid that is less than about 500 ul, less than about 50 ul, or
less than about 20 ul, or even less than about 10 ul. Where
desired, the methods can be applied to detect analytes in a
predetermined amount of bodily fluid that can be undiluted,
unprocessed or diluted or processed by, e.g., filtration,
centrifugation and other like processes.

INCORPORATION BY REFERENCE

All publications and patent applications mentioned in this
specification are herein incorporated by reference to the
same extent as if each individual publication or patent
application was specifically and individually indicated to be
incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features of the invention are set forth with
particularity in the appended claims. A better understanding
of the features and advantages of the present invention will
be obtained by reference to the following detailed descrip-
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tion that sets forth illustrative embodiments, in which the
principles of the invention are utilized, and the accompany-
ing drawings of which:

FIG. 1 depicts an exemplary point-of-care system of the
present invention.

FIG. 2 shows a perspective view of various layers of an
exemplary fluidic device of the present invention.

FIGS. 3 and 4 illustrate the fluidic network within an
exemplary fluidic device.

FIG. 5 illustrates an exemplary sample collection unit of
the present invention.

FIG. 6 illustrates an exemplary sample collection well in
fluidic communication with a metering channel, and a meter-
ing element.

FIG. 7 shows an exemplary fluidic network between a
metering channel, a mixing chamber and a filter.

FIG. 8 shows an absorption spectrum of a Trinder prod-
uct.

FIG. 9 shows the spectral response of an assay simulation
using a light source having an emission spectrum that
perfectly overlaps with an absorption spectrum of an absorb-
ing species.

FIG. 10 shows a light attenuation response for a choles-
terol assay.

FIG. 11 shows simulation of the signal modulation for an
assay in which a light emission spectrum and an absorption
spectrum of the absorbing species overlaps, and the A max
varies between the two spectrums by 50 nm.

FIG. 12 shows simulation of the signal modulation for an
assay in which a light emission spectrum and an absorption
spectrum of the absorbing species overlaps, and the A max
varies between the two spectrums by 50 nm, where an edge
filter with a cut-off below the lower A max is used on either
the emission or detection side of the optical system.

DETAILED DESCRIPTION OF THE
INVENTION

System and Fluidic Device

One aspect of the present invention is a system for
detecting an analyte in a sample of bodily fluid from a
subject. The terms “subject” and “patient” are used inter-
changeably herein, which refer to a vertebrate, preferably a
mammal, more preferably a human. Mammals include, but
are not limited to, murines, simians, humans, farm animals,
sport animals, and pets.

The system is capable of detecting and/or quantifying
analytes that are associated with specific biological pro-
cesses, physiological conditions, disorders or stages of dis-
orders.

The subject system typically comprises a fluidic device
having one or more of the following components: a sample
collection unit, an assay assembly, a light source, a detector,
and optionally a communication assembly. In one embodi-
ment, the subject system comprises: a) a fluidic device
comprising a cartridge, said cartridge comprising a sample
collection unit and an assay assembly, wherein said sample
collection unit allows a sample of bodily fluid to react with
reactants contained within said assay assembly to yield a
colored product having an absorbance spectrum correspond-
ing to at least one wavelength from a light source; b) a light
source transmitting the at least one wavelength to the assay
assembly; and c) a detector that detects absorption of light
of the at least one wavelength, wherein said absorption is
indicative of the presence of the analyte in said bodily fluid.
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Sample Collection Unit:

The sample collection unit typically allows a sample of
bodily fluid to be collected from a subject to react with
reactants contained within the assay assembly for generating
a signal indicative of the presence of the analyte of interest.
The sample collection unit may take a variety of configu-
rations so long as it collects and delivers the sample of
bodily fluid to the assay assembly. In some embodiments,
the sample collection unit is in fluidic communication with
one or more components of the subject system or fluidic
device.

Where desired, the sample collection unit is configured to
collect a sample of bodily fluid from the subject and to
deliver a predetermined portion of the sample to be assayed
by the assay assembly. In this manner, the device automati-
cally meters the appropriate volume of the sample that is to
be assayed. The sample collection unit can comprise a
sample collection well, a metering channel, and a metering
element. Generally, the sample collection well collects the
bodily fluid from the patient. The metering channel is in
fluidic communication with the sample collection well and
is dimensioned to collect the predetermined portion of the
sample to be assayed. The metering element is adapted to
prevent a volume of sample larger than the predetermined
portion of the sample from being assayed.

FIG. 5 illustrates a top view of an exemplary sample
collection unit (SCU) showing sample collection well
(SCW) in fluidic communication with metering channel
(MC), and metering element (ME).

As shown, the sample collection well (SCW) comprises a
through hole with a larger diameter at the top tapering to a
smaller diameter at the bottom. The through hole is intended
to be the location where the sample is provided to the fluidic
device, such as by fingerstick or pipetted blood. The sample
collection well (SCW) may be any inlet which allows for a
sample to be received by the fluidic device.

The metering channel (ME) can be in fluidic communi-
cation with the sample collection well (SCW) to receive the
sample. The metering channel (MC) has a proximal end (PE)
and a distal end (DE). The distal end (DE) of the metering
channel (MC) can include a stop junction (SJ) as will be
described below.

In some illustrative embodiments the metering channel
(MC) is about 10 mm long and has a cross section of about
1 mm?. In other embodiments the metering channel (MC) is
about 12.5 mm long and is about 0.9 mm wide and about 0.9
mm high.

A predetermined portion of sample as used herein can
generally refer to the volume of sample inside the metering
channel (MC) between the stop junction (SJ) and the meter-
ing element (ME) after it has closed the fluidic connection
between the sample collection well (SCW) and the metering
channel (MC). In some embodiments the dimensions of the
metering channel (MC) typically determines the volume of
the predetermined portion of sample. The volume of a
predetermined portion in a subject sample collection unit
(SCU) may be less than 50, less than 40, less than 30 or 20
microliters. In a preferred embodiment, the volume of a
predetermined portion is about 10 microliters.

The metering channel (MC) is preferably capable of
holding, prior to actuation of the metering element (ME), a
volume of sample greater than the predetermined portion
such that the stop junction (SJ) does not allow sample to
flow into the mixing chamber (MiC) when stressed by a
hydrostatic pressure of sample from the sample collection
unit (SCU).

In some embodiments the metering element is adapted to
prevent a volume of sample greater than the predetermined
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portion from being assayed. Generally, the metering element
(ME) can be adapted to pinch off the sample inside the
metering channel (MC) from the sample collection well
(SCW). The metering element (ME) can be a one-time valve
initially open and adapted to be actuated by mechanical
action by the reader assembly, as described herein. FIG. 6 is
a perspective view of the metering element (ME) as a pin
shown in an open, or unactuated, position that can be
mechanically actuated by the reader assembly to close off
the fluidic connection between the sample collection well
(SCW) and the metering channel (MC). The metering ele-
ment (ME) can take any shape and can be of any size, and
can be moved into a position to prevent a volume of sample
greater than the predetermined portion from being assayed
by any technique, e.g., manual force or magnetic force.

In some embodiments the metering channel (MC) has a
stop junction (SJ]) at its distal end (DE). In FIG. 5, stop
junction (SJ) comprises metering channel (MC) opening into
the larger mixing chamber (MiC), thereby creating an abrupt
end to the capillary dimensions of metering channel (MC).
The stop junction (SJ) is shown comprising a right-angled
junction between the metering channel (MC) and the mixing
chamber (MiC).

The stop junction (SJ) can be adapted to prevent sample
from flowing into the mixing chamber (MiC) before the
predetermined portion of sample has been metered. While
the stop junction (SJ) as shown in FIG. 5 does not comprise
any moveable elements, the stop junction (SJ) may also
comprise a valve or other blocking element that prevents the
predetermined portion of sample from flowing from the
metering channel (MC) into the mixing chamber (MiC).

An alternative method of loading the sample into the
fluidic device is by side loading rather than loading the
sample onto the top of the fluidic device. In such an
embodiment, the metering channel (MC) terminates on the
side or preferably, at a corner, of the cartridge. The metering
channel (MC) can be in direct communication with the
mixing chamber (MiC) and the diluent chamber (DC) can be
connected by a channel to the metering channel (MC)
similar to the top loading embodiment above. The sample
can be drawn into the metering channel (MC) by capillary
action but does not enter the diluent flush channel (DFC) as
that channel is initially sealed from the metering channel
(MC). The user or an automated mechanism in the reader
assembly then seals the proximal end (PE) of the sample
capillary prior to actuating the dilution operation as
described above.

In some embodiments the inner surface of the sample
collection well (SCW) and/or the metering channel (MC)
may be coated with a surfactant and/or an anti-coagulant
solution. The surfactant provides a wetting surface to the
hydrophobic layers of the fluidic device and facilitate filling
of the metering channel (MC) with the fluid sample, e.g.,
blood, such that the wetness of the metering channel (MC)
can not be so large that the stop junction (SJ) cannot contain
the blood at the distal end (DE) of the metering channel
(MC). The anti-coagulant solution can help prevent the
sample, e.g., blood, from clotting when provided to the
fluidic device. Exemplary surfactants that can be used
include without limitation, Tween, Triton, Pluronic and other
non-hemolytic detergents that provide the proper wetting
characteristics of a surfactant. EDTA is a non-limiting
anti-coagulant that can be used.

In one embodiment the solution comprises 2% Tween, 25
mg/mL EDTA in 50% Methanol/50% H,O, which is then air
dried. A methanol/water mixture provides a means of dis-
solving the EDTA and Tween, and also dries quickly from
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the surface of the plastic. The solution can be applied to the
layers of the fluidic device by any means that will ensure an
even film over the surfaces to be coated, such as, e.g.,
pipetting, spraying, or wicking.

In some embodiments the sample collection unit (SCU)
also comprises a dilution chamber (DC) in fluidic commu-
nication with the metering channel (MC), wherein the dilu-
tion chamber (DC) is configured to store a diluent and
comprises a port for engaging pressure means for transfer-
ring the diluent from the dilution chamber (DC) into the
metering channel (MC). FIG. 5 shows dilution chamber
(DC) and diluent flush channel (DFC) fluidly connecting
dilution chamber (DC) with the metering channel (MC). The
diluent flush channel (DFC) can be adapted to be filled with
diluent from the dilution chamber (DC).

In some embodiments the sample collection unit (SCU)
further comprises a mixing chamber (MiC) in fluidic com-
munication with the metering channel (MC), wherein the
mixing chamber (MiC) is configured to mix the predeter-
mined portion of the sample with the diluent to yield a
diluted sample. An exemplary mixing chamber (MiC) is
shown in FIG. 5. The mixing chamber (MiC) is preferably
dimensioned such that the intersection between the metering
channel (MC) and the mixing chamber (MiC) creates a stop
junction (SJ) to prevent the predetermined portion of sample
from entering the mixing chamber (MiC) until the diluent
flushes the sample into the mixing chamber (MiC).

In some embodiments the mixing chamber (MiC)
includes a movable mixing element (MME) that causes the
mixing of the predetermined portion of the sample with the
diluent. Exemplary moveable mixing element (MME) is
shown in FIG. 5§ with a general ball shape.

In one embodiment the movable mixing element (MME)
is magnetically controlled, e.g., a magnetically controlled
ball in the mixing chamber (MiC) that, when magnetically
controlled, will cause the mixing of the predetermined
portion of the sample and the diluent. The ball can be about
5% of the combined volume of the sample and diluent. The
ball can be magnetically controlled to move in a reciprocal,
linear fashion, within the mixing chamber (MiC).

The moveable mixing element (MME) is shown inside the
mixing chamber (MiC), however, it is contemplated that the
mixing element may operate outside of the fluidic device, for
example when the reader assembly is adapted to agitate the
fluidic device and thereby mixing the predetermined portion
of sample and the diluent.

In some embodiments the sample collection unit (SCU)
further comprises a filter (F) configured to filter the diluted
sample before it is assayed. Exemplary filter (F) is shown in
FIG. 5. In some embodiments the filter (F) is fluidly con-
nected to and downstream to the mixing chamber (MiC) as
shown in FIG. 5.

While the sample collection unit (SCU) can include a
dilution chamber (DC), mixing chamber (MiC), and a filter
(F), it is contemplated that some or all of these components
may not be included in the sample collection unit (SCU). It
may, for example, be unnecessary to filter a sample and thus
the sample collection unit (SCU) may not have a filter.

FIG. 7 shows an exemplary fluidic network between a
metering channel, a mixing chamber and a filter.

In some embodiments it may be desirable to detect the
presence of analytes on a cell surface, within a cell mem-
brane, or inside a cell. The difficulty of detecting such
analytes is that cells and other formed elements are particu-
late and components of cells do not readily interact with
traditional assay chemistries which are designed to operate
on analytes in solution. Cell-surface analytes react slowly
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and inefficiently with surface bound probes, and analytes
inside the cell can not react at all with bound probes. To
allow the detection of such analytes, in some embodiments
the fluidic device may include a lysing assembly to lyse cells
present in the bodily fluid sample. The lysing assembly may
be incorporated with the sample collection unit, a dilution
chamber, and/or a filtration chamber. In some embodiments
the sample collection unit, dilution chamber, and lysing
component are within the same element in the fluidic device.
In some embodiments the lysing component may be incor-
porated with an assay reagent described below.

Where desired, lysing agents may be impregnated and
then dried into porous mats, glass fiber mats, sintered frits or
particles such as Porex, paper, or other similar material.
Lysing agents may be dried onto flat surfaces. Lysing agents
may also be dissolved in liquid diluents or other liquid
reagents. In some embodiments porous materials are used to
store the lysing agents because they can store a lysing agent
in dry form likely to be very stable. They can also facilitate
the mixing of the bodily fluid sample with the lysing agent
by providing a tortuous path for the sample as it moves
through the porous material. In some embodiments such
porous materials have a disc shape with a diameter greater
than its thickness. In some embodiments lysing agents may
be dried onto porous materials using lyophilization, passive
evaporation, exposure to warm dry flowing gas, or other
known methods.

A variety of lysing agents are available in the art and are
suitable for use in connection with the subject fluidic device.
Preferred lysing agents are non-denaturing, such as non-
denaturing detergents. Non-limiting examples of non-dena-
turing detergents include thesit, sodium deoxylate, triton
X-100, and tween-20. The agents are preferably non-volatile
in embodiments where the agents are impregnated into a
solid porous materials. In some embodiments lysing agents
are mixed together. Other materials may be mixed with the
lysing agents to modify the lytic effects. Such exemplary
materials may be, without limitation, buffers, salts, and
proteins. In some embodiments lysing agents will be used in
amounts that are in excess of the minimum amount required
to lyse cells. In some embodiments lysing agents will be
used that can lyse both white and red cells.

The sample collection unit can be adapted to receive any
bodily fluids suspected to contain an analyte of interest, such
bodily fluids include but are not limited to blood, serum,
saliva, urine, gastric and digestive fluid, tears, stool, semen,
vaginal fluid, interstitial fluids derived from tumorous tissue,
and cerebrospinal fluid.

The volume of bodily fluid to be received in the sample
collection unit is generally less than about 500 microliters,
or may be less than about 50 microliters.

In some embodiments, the bodily fluids are used directly
for detecting the analytes present therein with the subject
fluidic device without further processing. Where desired,
however, the bodily fluids can be pre-treated before per-
forming the analysis with the subject fluidic devices using
any methods described herein or known in the art. The
choice of pre-treatments will depend on the type of bodily
fluid used and/or the nature of the analyte under investiga-
tion. For instance, where the analyte is present at low level
in a sample of bodily fluid, the sample can be concentrated
via any conventional means to enrich the analyte. Methods
of concentrating an analyte include but are not limited to
drying, evaporation, centrifugation, sedimentation, precipi-
tation, and amplification. Where the analyte is a nucleic acid,
it can be extracted using various lytic enzymes or chemical
solutions according to the procedures set forth in Sambrook
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etal. (“Molecular Cloning: A Laboratory Manual”), or using
nucleic acid binding resins following the accompanying
instructions provided by manufactures. Where the analyte is
a molecule present on or within a cell, extraction can be
performed using lysing agents including but not limited to
denaturing detergent such as SDS or non-denaturing deter-
gent such as thesit, sodium deoxylate, triton X-100, and
tween-20.

In some embodiments, pretreatment can include diluting
and/or mixing the sample, and filtering the sample to
remove, e.g., red blood cells from a blood sample.

A bodily fluid may be drawn from a patient and brought
into the fluidic device in a variety of ways, including but not
limited to, lancing, injection, or pipetting. In one embodi-
ment, a lancet punctures the skin and draws the sample into
the fluidic device using, for example, gravity, capillary
action, aspiration, or vacuum force. The lancet may be part
of the fluidic device, or part of a reader assembly, or a stand
alone component. In another embodiment where no active
mechanism is required, a patient can simply provide a bodily
fluid to the fluidic device, as for example, could occur with
a saliva sample. The collected fluid can be placed in the
sample collection unit within the fluidic device. In yet
another embodiment, the fluidic device comprises at least
one microneedle which punctures the skin. The microneedle
can be used with a fluidic device alone, or can puncture the
skin after the fluidic device is inserted into a reader assem-
bly.

A sample collection unit in a fluidic device may provide
a bodily fluid sample from a patient by any of the methods
described above. If necessary, the sample may first be
processed by diluting the bodily fluid in a dilution chamber,
and/or may be filtered by separating the plasma from the red
blood cells in a filtration chamber as described above. In
some embodiments the sample collection unit, diluting
chamber, and filtration chamber may be the same compo-
nent, and in some embodiments they may be different
components, or any two may be the same component and the
other may be a separate component. In some embodiments
there may be more than one sample collection unit in the
fluidic device or system.

Assay Assembly:

The assay assembly contained in the subject system or
fluidic device comprises reactants capable of reacting with
analytes to yield colored products that are indicative of the
presence of the analytes. As used herein, the term “analytes”
refers to any substances in a bodily fluid that can be used for
generating colored products for detection. Exemplary ana-
lytes include without limitation drugs, prodrugs, pharma-
ceutical agents, drug metabolites, a biomarker indicative of
a disease, a tissue specific marker, a tissue specific enzyme
biomarkers such as expressed proteins and cell markers,
antibodies, serum proteins, cholesterol, polysaccharides,
nucleic acids, gene, protein, or hormone, or any combination
thereof. At a molecular level, the analytes can be polypep-
tide glycoprotein, polysaccharide, lipid, nucleic acid, and a
combination thereof. Preferred detectable analytes include
but are not limited to HDL cholesterol, LDL cholesterol,
total cholesterol, lipids, glucose, and enzymes.

As noted above, the assay assembly of the subject system
or fluidic device is configured to detect analytes based on
formation of a colored product from a reaction scheme that
is indicative of its presence. Exemplary classes of analytes
that can be detected in this manner include: a) analytes that
can be converted chemically to a colored product via a
color-producing reaction; b) analytes that catalyze the for-
mation of colored products from chemical reactants; and c¢)



US 10,156,579 B2

9

analytes that can be detected through binding of an agent
that then participates in a color-producing reaction, either as
a chemical reagent or a promoter of a chemical reaction.
Additional examples of analytes that can yield colored
products are illustrated in e.g., Tietz Textbook of Clinical
Chemistry (Second Ed., Burtis and Ashwood, Saunders,
1994).

Analytes that can be converted chemically to a colored
product via a color-producing reaction include enzyme
substrates and co-factors. Non-limiting examples of such
analytes include glucose, cholesterol, and triglycerides. In
particular, levels of total cholesterol (i.e., the sum of free and
esterified cholesterol) in a bodily fluid can be spectropho-
tometrically measured by well-known color-forming assays
by reacting the fluid with reactants including cholesterol
esterase, cholesterol oxidase, an oxidizable dye such as
n,n-bis(4-sulfobutyl)-3-methylaniline, disodium salt
(TODB), 4-aminoantipyrine, and horse radish peroxidase.

A vast number of analytes can catalyze the formation of
a colored products from chemical reactants, thus are ame-
nable for detection by optical means. Examples of such
analytes include alanine aminotransferase (ALT) and aspar-
tate aminotransferase. Alanine aminotransferase (ALT) is an
analyte indicative of liver function. The reactants for use in
this assay may include alphaketoglutarate, pyruvate oxidase,
an oxidizable dye such as N,N-Bis(4-sulfobutyl)-3-methyl-
aniline, disodium salt (TODB), 4-aminoantipyrine, and
horse radish peroxidase.

The third class of analytes is typically detected via a
color-producing immunoassay, such as an enzyme-linked
immunosorbent assay (ELISA). In a typical ELISA, an
analyte is specifically bound by an antibody, which in turn
is detected by a secondary, enzyme-linked antibody. The
linked enzyme catalyzes a color-producing reaction. Such
enzymes include but are not limited to [-galactosidase,
alkaline phophatase, and horse radish peroxidase.

The choice of suitable reactants will depend on the
particular analytes being examined. In general, any reactants
capable of reacting with analytes either directly or indirectly
to generate colored products, which can then be detected
optically, are suited for use in the subject system. Exemplary
reactants include but are not limited to one or more enzymes,
co-factors, dyes, and other reagents as needed to convert
these and analytes to a colored product.

Of particular interest are several color forming reactants
for use in the present invention. In one embodiment, per-
oxidase reactions are preferably used to generate colored
products. Peroxidase chromogens are well known in the art,
as exemplified by Trinder reagents such as TODB or TOOS
(N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3-methylaniline,
sodium salt, dehydrate) used in combination with 4-amino-
antipyrene, triaryl imidazoles, and ABTS (2,2'-azino-bis
(3-ethylbenzthiazoline-6-sulfonic acid). In the chemistry of
peroxidase reactions with Trinder reagents, two colorless
organic molecules form a colored product in the presence of
peroxidase and hydrogen peroxide. This peroxidase chem-
istry advantageously generates an intensely colored product
and is not subject to interference from substances in blood
plasma.

Reactants in the assay assembly can be contained in
reaction sites, either as fluids or dry reagents. In the case of
dry reagents, the reaction site preferably forms a rigid
support on which a reactant can be immobilized. The
reaction site surface is also chosen to provide characteristics
for detection of light absorbance. For instance, the reaction
site may be functionalized glass, Si, Ge, GaAs, GaP, SiO,,
SiN,, modified silicon, or any one of a wide variety of gels
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or polymers such as (poly)tetrafluoroethylene, (poly)vi-
nylidenedifluoride, polystyrene, polycarbonate, polypropyl-
ene, or combinations thereof. Other appropriate materials
may be used in accordance with the present invention.

One skilled in the art will appreciate that there are many
ways of immobilizing various reactants onto a support
where reaction can take place. The immobilization may be
covalent or noncovalent, via a linker moiety, or tethering
them to an immobilized moiety. These methods are well
known in the field of solid phase synthesis and micro-arrays
(Beier et al., Nucleic Acids Res. 27:1970-1-977 (1999).
Non-limiting exemplary binding moieties for attaching
either nucleic acids or proteinaceous molecules such as
antibodies to a solid support include streptavidin or avidin/
biotin linkages, carbamate linkages, ester linkages, amide,
thiolester, (N)-functionalized thiourea, functionalized
maleimide, amino, disulfide, amide, hydrazone linkages, and
among others. In addition, a silyl moiety can be attached to
a nucleic acid directly to a substrate such as glass using
methods known in the art.

In a preferred embodiment, there are multiple reaction
sites in an assay assembly which can allow for detection of
multiple analytes of interest from the same sample of bodily
fluid. In some embodiments there are 2, 3, 4, 5, 6, or more
reaction sites, or any other number of reaction sites as may
be necessary to carry out the intent of the invention.

In embodiments with multiple reaction sites in a fluidic
device, each reaction site may be immobilized with reactants
different from reactants immobilized at a different reaction
site. In a fluidic device with, for example, three reaction
sites, there may be three different reactants, each immobi-
lized to a different reaction site to detect three different
analytes of interest in the sample.

In some embodiments, the reactants are contained in a
reactant chamber. A reactant chamber is preferably in fluid
communication with at least one reaction site, and when the
fluidic device is actuated, reactants contained in the reactant
chamber are released into a fluidic channel within the fluidic
device and introduced into a reaction site. Reactants may be
contained in reactant chambers as fluids or dry reagents, as
described above with respect to reactants contained in
reaction sites. In some embodiments there may be two,
three, four, five, six, or more, or any number of reactant
chambers as are necessary to fulfill the purposes of the
invention.

In addition to color-forming reactants, the present inven-
tion may include other reagents. Such reagents can be stored
with reactants in reaction sites or reactant chambers, if
appropriate. In another embodiment reagents are stored
separately, and there is at least one reagent chamber.
Reagents may be stored in a fluid or dry state, similar to
reactants. In some embodiments there may be two, three,
four, five, six, or more, or any number of reagent chambers
as are necessary to fulfill the purposes of the invention. A
reagent chamber is preferably in fluid communication with
at least one reaction site, and when the fluidic device is
actuated, reagents contained in said reagent chambers are
released into the fluidic channels within the fluidic device
and introducted into a reaction site.

Reagents according to the present invention include with-
out limitation wash buffers, enzyme substrates, dilution
buffers, conjugates, enzyme-labeled conjugates, DNA
amplifiers, sample diluents, wash solutions, sample pre-
treatment reagents including additives such as detergents,
polymers, chelating agents, albumin-binding reagents,
enzyme inhibitors, enzymes, anticoagulants, red-cell agglu-
tinating agents, antibodies, or other materials necessary to
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run an assay in a fluidic device. In general, reagents espe-
cially those that are relatively unstable when mixed with
liquid are confined in a defined region (e.g. a reagent
chamber) within the subject fluidic device. The containment
of reagents can be effected by valves that are normally
closed and designed for one-time opening, preferably in a
unidirectional manner. In some embodiments the reagents
are initially stored dry and liquified upon initiation of the
assay being run on the fluidic device.

In some embodiments a reactant site, reactant chamber or
reagent chamber contains approximately about 50 pto about
1 ml of fluid. In some embodiments the chamber may
contain about 100 pof fluid. The volume of liquid in a
reactant or reagent chamber may vary depending on the type
of assay being run or the sample of bodily fluid provided.

In preferred embodiments of the invention the fluidic
device includes at least one waste chamber to trap or capture
all liquids after they have been used in the assay. In preferred
embodiments, there is more than one waste chamber, at least
one of which is to be used with a calibration assembly
described herein below. On-board waste chambers also
allow the device to be easily disposable. The waste chamber
is preferably in fluidic communication with at least one
reaction site.

Light Source

A colored product of an analyte-detecting assay of the
present invention is typically detected by measurement of
absorbance of light by the colored product. Light will be
directed to the colored product in a reaction site from a
source that emits a spectrum of light in which at least one
wavelength of light corresponds to the absorption spectrum
of the colored product. The spectrum of the light emitted by
a source accordingly will be similar to the spectrum of the
absorbing species in the colored product of the analyte-
detecting reaction. Preferably, the emission spectrum from
the light source will overlap the absorption spectrum of the
absorbing species, preferably by at least about 50%, 60%,
70%, 80%, 90% or 95%. However, the present invention
does not require an exact overlap between the light source
emission spectrum and the absorption spectrum of the
colored product, as described in the examples provided
herein. Use of monochromatic light sources and/or filters
can generally provide a means to match the characteristics of
the absorption and the light source.

The colored products detected by the subject system
typically have an absorption range of about 250 nm to about
900 nm. Preferably, the color to be measured is generally in
a visible range of about 400 to about 800 nm.

The absorbance of the colored product can be readily
detected and in a range that is preferably stoichiometrically
or linearly corresponds to the amount of analyte present.
According to Beer’s law, absorbance=concentrationxextinc-
tion coeflicientxoptical path length. Chromophores in the
visible wavelength range and typically used in clinical
chemistry have extinction coefficients in the range of about
103-10° L/(molexcm). As shown in Table 1 of Example 1, a
concentration of 1.5 mM analyte, diluted by 1:30 fold, gives
an absorbance of 0.25 (44% transmission) when measured at
the maximum absorbance (at A max of 500 nm, the extinc-
tion coefficient=50,000 L/(molexcm) with a path length of
0.1 cm (typical of single use cartridges). This absorbance is
readily measurable by simple transmission optical systems.

A variety of light sources may be utilized for the present
invention depending on the particular type of application
and absorbance spectrum requirements for a given analyte of
interest. An example of an appropriate light source includes,
but is not limited to, an incandescent bulb, a light emitting

20

25

35

40

45

12

diode, luminescent paint, and a laser. Preferably, the light
source is an economical, low intensity light source well
suited for point-of-care testing. When coupled with a pho-
tomultiplier tube detector, the number of photons generated
by the light source need only be a few thousand over a
measurement interval, which can range from a few milli-
seconds to a several minutes.

One type of light source applicable for the present inven-
tion is luminescent paint. Such paint is generally formulated
using very tiny quantities of a long-lived radioisotope
together with a material that glows or scintillates non-
destructively when irradiated. The paint can be appropri-
ately colored by addition of dyes. The paint will generally be
coated on the non-transparent walls of a reaction site where
analyte assay chemistry generates a colored product. Light
emitted from the paint can be detected through a transparent
surface of the reaction site to allow measurement of absor-
bance due to a colored product. The spectrum of the light
emitted will generally be a function of the scintillant mate-
rial and the absorbance characteristics of the chemistry used
in forming a colored product.

Another applicable light source for the present invention
is a Light Emitting Diode (LED). A LED can provide
colored light at moderate intensity. The spectrum of the
emitted light can be selected over the visible range. A LED
typically has a more narrow range of emission wavelengths
of about 30 nm. Thus, use of a LED as a light source will
depend on the absorbance spectrum of an absorbing species
used in the detection of a particular analyte.

Detector

Detection and measurement of colored products gener-
ated due to the presence of a given analyte can be made
directly from a reaction site or alternatively from a detection
site to which the colored product is transported. Preferably,
detection will be made from a reaction site. Unless specified
otherwise, the term “reaction site” as used herein will refer
to both the site at which a reaction occurs and at which the
colored product of the reaction is detected. The reaction site
will typically be a well that is cylindrical in shape having a
defined length between two opposed flat surfaces for deter-
mination of absorbance. For example, the point-of-care
fluidic devices of the present invention might have a reaction
site that is 0.1 cm in length. At least one or both of the flat
surfaces of the reaction site will be transparent to allow
detection of the colored product with standard transmission
optics. The non-transparent surfaces of the reaction site may
be made of opaque, white light scattering material.

The detector of light transmitted from a light source
through a reaction site will be capable of detecting absor-
bance of light by the colored product in the reaction site.
Examples of suitable detectors include, but are not limited
to, a photomultiplier tube, a photodiode or an avalanche
photodiode.

In a system of the present invention, the position of the
light detector in the system relative to the fluidic device will
depend on factors such as the type of light source used and
the relative position of the light source to the fluidic device.
In the case where the light source is a luminescent paint
contained within a reaction site of the device, the detector
will be positioned to detect light emitted from a transparent
surface of the reaction site.

In the situation where the light source is external to a
fluidic device, a detector could be positioned either on the
same side or an opposite side of the fluidic device relative to
the light source. A reaction site can be configured with a
single transparent surface, through which light is both
directed to the reaction and detected from the reaction. In
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this scenario, a detector is positioned on the same side of the
fluidic device as the light source, with the detector shielded
such that the only light detected is that from the reaction site
of the fluidic device. Alternatively, a reaction site can be
configured with two flat, opposed transparent surfaces such
that the reaction site is effectively an optical cuvette. In this
configuration, the light source would emit light to one side
of the reaction site in the fluidic device and the detector
would detect the light transmitted through the colored prod-
uct to the opposite side of the reaction site in the fluidic
device.

The fluidic devices of the present invention preferably
function as handheld devices in a point-of-care system. The
term “handheld” refers to a device that is both small and
light enough to be easily held in an adult’s hand, and can
readily be placed by hand into operation within a point-of-
care system. A handheld device of the present invention may
assume a variety of overall configurations, such as rectan-
gular, triangular, circular, oval and so forth. Regardless of
the overall configuration, a handheld device of the present
invention may typically be enclosed within rectangular
dimensions of about 30x30x15 cm (lengthxwidthxheight),
or about 12x10x5 cm, or about 8x6x1.5 c¢cm, and even
smaller, such as about 7x5x1 cm.

A “point-of-care” system as used herein refers to a system
that may be used at a patient’s home, bedside, or other
environment for performing any type of bodily fluid analysis
or test outside of a central laboratory. A point-of-care system
of the present invention will enable testing to be efficiently
carried out by a patient or an assistant, a health care provider,
and so forth. A point-of-care system preferably has dimen-
sions and a configuration that allows it to be conveniently
transported to a user’s desired environment and readily used
for testing.

FIG. 1 illustrates an exemplary system of the present
invention. As illustrated, a fluidic device provides a bodily
fluid from a patient and can be inserted into a reader
assembly. The fluidic device may take a variety of configu-
rations and in some embodiments the fluidic device may be
in the form of a cartridge. An identifier (ID) detector may
detect an identifier on the fluidic device. The identifier
detector communicates with a communication assembly via
a controller which transmits the identifier to an external
device. Where desired, the external device sends a protocol
stored on the external device to the communication assem-
bly based on the identifier. The protocol to be run on the
fluidic device may comprise instructions to the controller of
the reader assembly to perform the protocol on the fluidic
device, including but not limited to a particular assay to be
run and a detection method to be performed. Once the assay
is performed on the fluidic device, a signal indicative of an
analyte in the bodily fluid sample is generated and detected
by a detector. The detected signal may then be communi-
cated to the communications assembly, where it can be
transmitted to the external device for processing, including
without limitation, calculation of the analyte concentration
in the sample.

FIG. 2 illustrates exemplary layers of a fluidic device
according to the present invention prior to assembly of the
fluidic device. FIGS. 3 and 4 show a top and bottom view,
respectively, of an exemplary fluidic device after the device
has been assembled. The different layers are designed and
assembled to form a three dimensional fluidic channel
network. A sample collection unit provides a sample of
bodily fluid from a patient. A reader assembly comprises
actuating elements (not shown) that can actuate the fluidic
device to start and direct the flow of a bodily fluid sample
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and assay reagents in the fluidic device. In some embodi-
ments actuating elements first cause the flow of sample in
the fluidic device from a sample collection unit 4 to reaction
sites 6, and then to waste chamber 8 following completion
of reactions in the sites. If necessary for a given reaction, the
actuating elements initiate flow of reagents from reagent
chambers 10 to reaction sites, and then to waste chamber 8
in a manner similar to that of the sample.

A fluidic device of the present system can run a variety of
assays, regardless of the analyte being detected from a
bodily fluid sample. A protocol dependent on the identity of
the fluidic device may be transferred from an external device
where it can be stored to a reader assembly to enable the
reader assembly to carry out the specific protocol on the
fluidic device. In preferred embodiments, the fluidic device
has an identifier (ID) that is detected or read by an identifier
detector. The identifier can then be communicated to a
communication assembly, where it can then be transferred or
transmitted to an external device.

In one embodiment, a bodily fluid sample is provided to
a fluidic device, which is then inserted into a reader assem-
bly. In some embodiments the fluidic device is partially
inserted manually, and then a mechanical switch in the
reader assembly automatically properly positions the fluidic
device inside the reader assembly. Any other mechanism
known in the art for inserting a disk or cartridge into a device
may be used as well. In some embodiments only manual
insertion may be required.

In preferred embodiments the reader assembly houses a
controller which controls a pump and a series of valves to
control and direct the flow of liquid within the fluidic device.
In some embodiments the reader assembly may comprises
multiple pumps. The sample and reagents are preferably
pulled through the fluidic channels by a vacuum force
created by sequentially opening and closing at least one
valve while activating a pump within the reader assembly.
Methods of using at least one valve and at least one pump
to create a vacuum force are well known. While a negative
pulling force may be used, a positive pushing force may also
be generated by at least one pump and valve according to the
present invention. In other embodiments movement of fluid
on the fluidic device may be by electro-osmotic, capillary,
piezoelectric, or microactuator action.

One of the advantages of the present invention is that any
reagents necessary to perform an assay on a fluidic device
according to the present invention are preferably on-board,
or housed within the fluidic device before, during, and after
the assay. In this way the only inlet or outlet from the fluidic
device is preferably the bodily fluid sample initially pro-
vided by the fluidic device. This design also helps create an
easily disposable fluidic device where all fluids or liquids
remain in the device. The on-board design also prevents
leakage from the fluidic device into the reader assembly
which should remain free from contamination from the
fluidic device.

Method of Use

The subject apparatus and systems provide an effective
means for high throughput and/or real-time detection of
analytes present in a bodily fluid from a subject. The
detection methods may be used in a wide variety of circum-
stances including identification and quantification of ana-
lytes that are associated with specific biological processes,
physiological conditions, disorders or stages of disorders. As
such, the subject apparatus and systems have a broad spec-
trum of utility in, e.g. drug screening, disease diagnosis,
phylogenetic classification, parental and forensic identifica-
tion. The subject apparatus and systems are also particularly
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useful for advancing preclinical and clinical stage develop-
ment of therapeutics, improving patient compliance, moni-
toring adverse drug responses associated with a prescribed
drug, and developing individualized medicine.

Accordingly, in one embodiment, the present invention
provides a method of detecting an analyte in a bodily fluid
from a subject. The method typically involves the steps of
(a) introducing a sample of bodily fluid into a fluidic device
having a sample collection unit and an assay assembly, the
assay assembly having reactants that are capable of reacting
with an analyte; (b) allowing the sample of bodily fluid to
react with the reactants contained within the assay assembly
to yield a colored product having an absorbance spectrum
corresponding to at least one wavelength from a light
source; (c) transmitting light having the at least one wave-
length to the fluidic device from the light source; and (d)
detecting absorption of light of the at least one wavelength
transmitted to the fluidic device, wherein the absorption is
indicative of the presence of the analyte in said bodily fluid.

Any bodily fluids suspected to contain an analyte of
interest can be used in conjunction with the subject methods
of detection. Commonly employed bodily fluids include but
are not limited to blood, serum, saliva, urine, gastric and
digestive fluid, tears, stool, semen, vaginal fluid, interstitial
fluids derived from tumorous tissue, and cerebrospinal fluid.
The volume of bodily fluid to be used in methods of the
present invention is generally less than about 500 microli-
ters, and preferably less than about 50 microliters. Where
desired, a sample of 1 to 50 microliters, 1 to 40 microliters,
1 to 30 microliters, 1 to 20 microliters, or 1 to 10 microliters
can be used for detecting an analyte using the subject fluidic
device.

A bodily fluid may be drawn from a patient and brought
into the fluidic device in a variety of ways, including but not
limited to, lancing, injection, or pipetting. In one embodi-
ment, a lancet punctures the skin and draws the sample into
the fluidic device using, for example, gravity, capillary
action, aspiration, or vacuum force. The lancet may be part
of the fluidic device, or part of a reader assembly, or as a
stand alone component. Where needed, the lancet may be
activated by a variety of mechanical, electrical, electrome-
chanical, or any other known activation mechanism or any
combination of such methods. In another embodiment where
no active mechanism is required, a patient can simply
provide a bodily fluid to the fluidic device, as for example,
could occur with a saliva sample. The collected fluid can be
placed in the sample collection unit within the fluidic device.
In yet another embodiment, the fluidic device comprises at
least one microneedle which punctures the skin. The
microneedle can be used with a fluidic device alone, or can
puncture the skin after the fluidic device is inserted into a
reader assembly.

In some embodiments a microneedle is about the size of
a human hair and has an integrated microreservoir or
cuvette. The microneedle may painlessly penetrate the skin
and draw a small blood sample. More preferably, the
microneedle collects about 0.01 to about 1 microliter, pref-
erably about 0.05 to about 0.5 microliters and more prefer-
ably about 0.1 to about 0.3 microliters of capillary blood. In
some embodiments a microneedle may be constructed out of
silicon and is about 10 to about 200 microns in diameter,
preferably about 50 to about 150 microns in diameter, and
most preferably about 100 microns in diameter, making their
application to the skin virtually painless. To ensure that a
capillary is actually struck by a needle, a plurality of
microneedles may be used for sample collection. Such
microneedles may be of the type marketed by Pelikan (Palo
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Alto, Calif.) and/or Kumetrix (Union City, Calif.). U.S. Pat.
No. 6,503,231 discloses microneedles which may be used
with the present invention.

In preferred embodiments a microneedle is only used
once and then discarded. In some embodiments a mechani-
cal actuator can insert and withdraw the microneedle from
the patient, discard the used needle, and reload a new
microneedle.

In some embodiments the method of detecting an analyte
in a bodily fluid from a subject includes metering a prede-
termined portion of the sample, in which this predetermined
portion is assayed for the presence of analytes. The volume
of the predetermined portion will preferably be less than
about 500 microliters, more preferably about less than 50
microliters, or even more preferably, the volume is about 10
microliters.

A precise sample volume is determined by several fea-
tures. In one embodiment a subject places a sample of bodily
fluid into the sample collection well, after which the sample
is drawn into a metering channel by capillary action until it
reaches a stop junction at the entrance of the mixing cham-
ber. The metering channel preferably has physical dimen-
sions and surface characteristics which reliably promote
flow of blood from the sample collection well.

In a preferred embodiment, a predetermined portion of a
sample is diluted and mixed with a diluent to yield a diluted
sample, which is then assayed for the presence of analytes.
A predetermined portion is diluted with a diluent that is
typically contained in a diluent chamber, with the portion
and diluent being mixed in a mixing chamber. Preferably, the
diluent is flowed into the metering channel, which flushes
the sample into the mixing chamber. A precise volume of
diluent is stored in the dilution chamber. A precise volume
of diluent, a precise volume of the predetermined portion of
a sample, and efficient combination and mixing of the two
volumes allows the sample to be diluted with a high degree
of precision.

In some embodiments, the fluid sample will be filtered
before entering a reaction chamber. For example, blood may
be filtered to remove red blood cells. Where a sample is
diluted before assaying, filtering will typically occur after
dilution. Filtering will occur in a filter chamber, through
which the sample is transported before entering into a
reaction site.

A variety of assays may be performed on a fluidic device
according to the present invention to detect an analyte of
interest in a sample. Analytes that may be detected by the
subject methods include, but are not limited to, drugs, drug
metabolites, biomarkers indicative of disease, tissue specific
markers, tissue specific enzymes, hormones, antibodies,
pathogens, HDL cholesterol, LDL cholesterol, total choles-
terol, lipids, and glucose.

The subject methods involve reactants that are capable of
reacting with an analyte of interest to generate a color
product for detection by optical means. The choice of
reactants will depend on the particular analyte being exam-
ined.

For detection of levels of total cholesterol (i.e., the sum of
free and esterified cholesterol) in a bodily fluid, reactants
including cholesterol esterase, cholesterol oxidase, an oxi-
dizable dye such as n,n-bis(4-sulfobutyl)-3-methylaniline,
disodium salt (TODB), 4-aminoantipyrine, and horse radish
peroxidase can be employed. In this reaction scheme, cho-
lesterol esterase converts esterified cholesterol to free cho-
lesterol. Cholesterol oxidase transforms the free cholesterol
into cholest-4-ene-3-one and hydrogen peroxide. The
amount of hydrogen peroxide generated can be quantified by



US 10,156,579 B2

17

a spectrophotometric assay, for example the oxidative cou-
pling of 4-aminoantipyrine and TODB in the presence of
peroxidase to form a chromophore. The amount of chro-
mophore formed is then measured by light attenuation
(absorbance), which corresponds to the amount of total
cholesterol.

Measuring the ALT levels as a way for assaying liver
function can be carried out by reacting the analyte from a
bodily fluid with reactants such as alphaketoglutarate, pyru-
vate oxidase, an oxidizable dye such as N,N-Bis(4-sulfobu-
tyl)-3-methylaniline, disodium salt (TODB), 4-aminoantipy-
rine, and horse radish peroxidase. In this assay reaction
scheme, ALT catalyzes the transfer of amino groups from
L-alanine to alphaketoglutarate, producing pyruvate and
glutamate. Pyruvate oxidase oxidizes the pyruvate to acetyl-
phosphate and hydrogen peroxide. Horseradish peroxidase
catalyzes the reaction of the peroxide reacts with TODB to
form a colored product at a rate proportional to the ALT
concentration of the sample. The resultant colored product in
the reaction is measured by light absorbance.

The methods of the present invention can also be used to
detect analytes, such as small molecule drugs, biomarkers,
hormones, and antibodies, through binding of an agent that
then participates in a color-producing reaction. For example,
an analyte can be detected through binding and color for-
mation that occurs in immunoassays, such as an enzyme-
linked immunosorbent assay (ELISA). In a typical ELISA,
an analyte is specifically bound by an antibody, which in
turn is detected by a secondary, enzyme-linked antibody.
The linked enzyme catalyzes a color-producing reaction.
Enzymes such as f§-galactosidase, alkaline phophatase and
horse radish peroxidase are often utilized for color formation
in ELISAs. The light absorbance of colored products gen-
erated in an ELISA is typically in a range well suited for the
present invention. Reactants of the present invention accord-
ingly will include reagents for an ELISA or similar immu-
noassay. Unlike typical assays for detection of analytes that
are chemical reactants or promote a chemical reaction,
ELISA immunoassays require wash steps, and thus gener-
ally will occur in separate, dedicated reaction sites.

A colored product will be detected in methods of the
present invention through measurement of absorbance of
light by the colored product. The light to be transmitted in
the methods of the present invention will be from a source
that emits a spectrum of light in which at least one wave-
length of light corresponds to the absorption spectrum of the
colored product. The range of absorption spectra of colored
products will correspond to a wavelength range of about 250
nm to about 900 nm. Preferably, the color to be measured is
generally in a visible range of about 400 to about 800 nm.
The spectrum of light emitted by a source accordingly will
be similar to the absorption spectrum of the colored product.
Preferably, the emission spectrum from a light source will
exactly overlap the absorption spectrum of the absorbing
species. However, an exact overlap between the light source
emission spectrum and the absorption spectrum of the
colored product is not required for measurement by the
methods of the present invention, as described in the
examples provided herein. Monochromatic light sources
and/or filters generally can be used to provide a means to
match the characteristics of the absorption and the light
source.

A variety of light sources may be utilized for the present
invention depending on the particular type of application
and absorbance spectrum requirements for a given analyte of
interest. An example of an appropriate light source includes,
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but is not limited to, an incandescent bulb, a light emitting
diode, luminescent paint, and a laser.

The position of the light source relative to the reaction site
will depend on the particular source of light. Typically, a
light source will transmit light into the reaction site through
a transparent, flat surface of the reaction site. In this sce-
nario, the light source will be external to the fluidic device,
with the reaction site aligned with the light source so that
light is transmitted directly into the reaction site. To enable
measurement from several reaction sites, the fluidic device
and light source will be moveable relative to each other to
allow alignment of more than one individual reaction site
with the light source. Either the fluidic device, light source,
or a combination of the two can be moveable within a
system to allow alignment.

As an alternative to light being transmitted into the
reaction site from an external source, the methods of the
present invention can utilize a luminescent paint as an
internal light source. In this scenario, the luminescent paint
will emit light through a colored product contained in the
reaction site. For example, the reaction site could have a
cylindrical shape, with two flat opposed surfaces, with one
being transparent, the other being coated with a luminescent
paint. The luminescent paint will emit light through the
colored product, which could be detected by a detector as
detailed below. Luminescent paint is generally formulated
using very tiny quantities of a long-lived radioisotope
together with a material that glows or scintillates non-
destructively when irradiated. The paint can be appropri-
ately colored by addition of dyes. The spectrum of light
emitted will generally be a function of the scintillant mate-
rial and the absorbance characteristics of the chemistry used
in forming a colored product.

The light generated in the methods of the present inven-
tion will be detected by a detector that will be external to the
fluidic device. Examples of suitable detectors include, but
are not limited to, a photomultiplier tube, a photodiode or an
avalanche photodiode.

The position of the light detector relative to the fluidic
device will depend on the light source used and its relative
position to the fluidic device. In the case where the light
source is a luminescent paint contained within a reaction site
of the device, the detector can be positioned as necessary to
be aligned with a transparent surface of the reaction site to
detect light emitted through a colored product.

In the situation where the light source is external to a
fluidic device, a detector could be positioned either on the
same side or an opposite side of the fluidic device relative to
the light source. A reaction site can be configured with a
single transparent surface to allow both light transmission
into the site and detection from the site. In this scenario, a
detector would be positioned on the same side of the fluidic
device as the light source, and shielded such that the only
light detected is that emitted from the reaction site of the
fluidic device. Alternatively, a reaction site can be config-
ured with two flat, opposed transparent surfaces such that the
reaction site is effectively an optical cuvette. In this con-
figuration, the light source would transmit light to one side
of the reaction site in the fluidic device and the detector
would detect the light transmitted through the colored prod-
uct to the opposite side of the reaction site in the fluidic
device. In either scenario, the detector will be positioned to
align with the reaction site to detect light emission.

To allow measurement from several reaction sites, the
fluidic device and light detector will be moveable relative to
each other to allow alignment of more than one individual
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reaction site with the light detector. Either the fluidic device,
the detector, or a combination of the two can be moveable
to allow alignment.

In addition to detection of the presence of an analyte in a
bodily fluid, the methods of the present invention also
provide for quantitation of the concentration of an analyte in
a bodily fluid through measurement of absorbance. Concen-
tration of the analyte is related to the amount of light
adsorbed by the colored product. In the case of analytes that
can be converted directly or indirectly into colored product,
such as cholesterol, the conversion to product is typically
stoichiometric. For instance, the amount of color produced
can linearly increase with the amount of analyte present. The
corresponding absorbance can be proportionately related to
the amount of color produced, and therefore the concentra-
tion of analyte present. However, at high concentrations, the
proportionality of absorbance to concentration set forth by
Beer’s Law does not necessarily hold. Thus, an accurate
measurement of analyte present at high concentration may
depend on an appropriate dilution of a bodily fluid, the
characteristics of the particular absorbing species, and the
length of cell path from which determination of absorbance
is made.

Analytes that are detected by their ability to catalyze
formation of a colored product, such as the enzyme ALT, can
be quantified following a particular length of reaction time.
By allowing an analyte enzyme to react for a fixed period of
time, appropriate quantities of measurable, colored product
can be generated. For example, a fixed period of time under
conditions in which the amount of an analyte enzyme is a
rate-limiting factor can give rise to uM-nM quantities of
colored product. The quantity of product generated can be
measured at the end of the time period by measurement of
light attenuation and determination of absorbance. The
amount of analyte can then be determined based on the
amount of product generated over time, based on known
kinetics of a given analyte under the conditions of a par-
ticular assay used. An accurate measurement of analyte will
depend on the particular analyte being examined, conditions
under which it is assayed (at what dilution, temperature, and
s0 on), the characteristics of the particular absorbing species,
and the length of cell path from which determination of
absorbance is made.

In some embodiments immunoassays are run on the
fluidic device. While competitive binding assays, which are
well known in the art, may be run in some embodiments, in
preferred embodiments a two-step method is used which
eliminates the need to mix a conjugate and a sample before
exposing the mixture to an antibody, which may be desirable
when very small volumes of sample and conjugate are used,
as in the fluidic device of the present invention. A two-step
assay has additional advantages over the competitive bind-
ing assays when use with a fluidic device as described
herein. It combines the ease of use and high sensitivity of a
sandwich (competitive binding) immunoassay with the abil-
ity to assay small molecules.

In an exemplary two-step assay, the sample containing
analyte first flows over a reaction site containing antibodies.
The antibodies bind the analyte present in the sample. After
the sample passes over the surface, a solution with analyte
conjugated to a marker at a high concentration is passed over
the surface. The conjugate saturates any of the antibodies
that have not yet bound the analyte. Before equilibrium is
reached and any displacement of pre-bound unlabelled ana-
Iyte occurs, the high-concentration conjugate solution is
washed off. The amount of conjugate bound to the surface is
then measured by the appropriate technique, and the
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detected conjugate is inversely proportional to the amount of
analyte present in the sample.

The methods of the present invention provide for moni-
toring more than one pharmacological parameter useful for
assessing efficacy and/or toxicity of a therapeutic agent. For
the purposes of this invention, a “therapeutic agent” is
intended to include any substances that have therapeutic
utility and/or potential. Such substances include but are not
limited to biological or chemical compounds such as simple
or complex organic or inorganic molecules, peptides, pro-
teins, or polynucleotides. A vast array of compounds can be
synthesized, for example polymers, such as polypeptides
and polynucleotides, and synthetic organic compounds
based on various core structures, and these are also included
in the term “therapeutic agent”. In addition, various natural
sources can provide compounds for screening, such as plant
or animal extracts, and the like. It should be understood,
although not always explicitly stated that the agent is used
alone or in combination with another agent, having the same
or different biological activity as the agents identified by the
inventive screen. The agents and methods also are intended
to be combined with other therapies.

Pharmacodynamic (PD) parameters according to the pres-
ent invention include without limitation physical parameters
such as temperature, heart rate/pulse, blood pressure, and
respiratory rate, and biomarkers such as proteins, cells, and
cell markers. Biomarkers could be indicative of disease or
could be a result of the action of a drug. Pharmacokinetic
(PK) parameters according to the present invention include
without limitation drug and drug metabolite concentration.
Identifying and quantifying the PK parameters in real time
from a sample volume is extremely desirable for proper
safety and efficacy of drugs. If the drug and metabolite
concentrations are outside a desired range and/or unexpected
metabolites are generated due to an unexpected reaction to
the drug, immediate action may be necessary to ensure the
safety of the patient. Similarly, if any of the pharmacody-
namic (PD) parameters fall outside the desired range during
a treatment regime, immediate action may have to be taken
as well.

In preferred embodiments physical parameter data is
stored in or compared to store profiles of physical parameter
data in a bioinformatics system which may be on an external
device incorporating pharmacogenomic and pharmacoki-
netic data into its models for the determination of toxicity
and dosing. Not only does this generate data for clinical
trials years prior to current processes but also enables the
elimination of current disparities between apparent efficacy
and actual toxicity of drugs through real-time continuous
monitoring. During the go/no go decision process in clinical
studies, large scale comparative population studies can be
conducted with the data stored on the database. This com-
pilation of data and real-time monitoring allows more
patients to enter clinical trials in a safe fashion earlier than
currently allowed. In another embodiment biomarkers dis-
covered in human tissue studies can be targeted by the
device for improved accuracy in determining drug pathways
and efficacy in cancer studies.

Being able to monitoring the rate of change of an analyte
concentration or PD or PK over a period of time in a single
subject, or performing trend analysis on the concentration,
PD, or PK, whether they are concentrations of drugs or their
metabolites, can help prevent potentially dangerous situa-
tions. For example, if glucose were the analyte of interest,
the concentration of glucose in a sample at a given time as
well as the rate of change of the glucose concentration over
a given period of time could be highly useful in predicting
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and avoiding, for example, hypoglycemic events. Such trend
analysis has widespread beneficial implications in drug
dosing regimen. When multiple drugs and their metabolites
are concerned, the ability to spot a trend and take proactive
measures is often desirable.

The present invention allows for automatic quantification
of a pharmacological parameter of a patient as well as
automatic comparison of the parameter with, for example,
the patient’s medical records which may include a history of
the monitored parameter, or medical records of another
group of subjects. Coupling real-time analyte monitoring
with an external device which can store data as well as
perform any type of data processing or algorithm, for
example, provides a device that can assist with typical
patient care which can include, for example, comparing
current patient data with past patient data.

Where a statistically significant discrepancy exists
between the detected values and the threshold value, a
further action may be taken by a medical practitioner. Such
action may involve a medical action such as adjusting
dosage of the therapeutic agent; it may also involve a
business decision such as continuing, modifying, or termi-
nating the clinical trial.

One advantage of the current invention is that assay
results can be substantially immediately communicated to
any third party that may benefit from obtaining the results.
For example, once the analyte concentration is determined at
the external device, it can be transmitted to a patient or
medical personnel who may need to take further action. The
communication step to a third party can be performed
wirelessly, and by transmitting the data to a third party’s
hand held device, the third party can be notified of the assay
results virtually anytime and anywhere. Thus, in a time-
sensitive scenario, a patient may be contacted immediately
anywhere if urgent medical action may be required.

In some embodiments a patient may be provided with a
plurality of fluidic devices to use to detect a variety of
analytes. A subject may, for example, use different fluidic
devices on different days of the week.

In some embodiments, the methods of the present inven-
tion are applicable for obtaining pharmacological data useful
for assessing efficacy and/or toxicity of a pharmaceutical
agent from a test animal. When using laboratory animals in
preclinical testing of a pharmaceutical agent, it is often
necessary to kill the test subject to extract enough blood to
perform an assay to detect an analyte of interest. This has
both financial and ethical implications, and as such it may be
advantageous to be able to draw an amount of blood from a
test animal such that the animal does not need to be killed.
In addition, this can also allow the same test animal to be
tested with multiple pharmaceutical agents at different
times, thus allowing for a more effective preclinical trial. On
average, the total blood volume in a mouse, for example, is
6-8 mL of blood per 100 gram of body weight. A benefit of
the current invention is that only a very small volume of
blood is required to perform preclinical trials on mice or
other small labaratory animals. In some embodiment
between about 1 microliter and about 50 microliters are
drawn. In preferred embodiment between about 1 microliter
and 10 microliters are drawn. In preferred embodiments
about 5 microliters of blood are drawn.

A further advantage of keeping the test animal alive is
evident in a preclinical time course study. When multiple
mice, for example, are used to monitor the levels of an
analyte in a test subject’s bodily fluid over time, the added
variable of using multiple subjects is introduced into the
trial. When, however, a single test animal can be used as its
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own control over a course of time, a more accurate and
beneficial preclinical trial can be performed.

In some embodiments the methods of the present inven-
tion can be used in methods of automatically monitoring
patient compliance with a medical treatment. After determi-
nation of an analyte in a bodily fluid, the level of analyte can
be compared with a known profile associated with the
medical treatment to determine if the patient is compliant or
noncompliant with the medical treatment; and notifying a
patient of the compliance or noncompliance.

Noncompliance with a medical treatment, including a
clinical trial, can seriously undermine the efficacy of the
treatment or trial. As such, in some embodiments the system
of the present invention can be used to monitor patient
compliance and notify the patient or other medical personnel
of such noncompliance. For example, a patient taking a
pharmaceutical agent as part of medical treatment plan can
take a bodily fluid sample which is assayed as described
herein, but a detected metabolite concentration, for example,
may be at an elevated level compared to a known profile
thereby indicating multiple doses of the pharamaceutical
agent have been taken. Such a known profile may be located
or stored on an external device.

The following examples illustrate and explain the inven-
tion. The scope of the invention is not limited by these
examples.

EXAMPLES

Example 1

Trinder Reagent Spectrum

Several color forming chemistries are applicable for use
in the present invention, including those of peroxidase
reactions. Peroxidase chromophores are well known in the
art, as exemplified by Trinder reagents such as TODB or
TOOS. A Trinder reagent will generate a reaction product
having an absorption spectrum such as that exemplified in
FIG. 8. As shown in FIG. 8, the width of the absorption
spectrum at about half height of spectrum is about 100 nm.
The width of the spectrum indicates that the absorption
characteristics of a Trinder reagent make measurement of
absorption applicable over a range of wavelengths.

Example 2

Assay Simulation for a Light Source and Absorbing Species
Having Matching Spectrums

In the present invention, a light source may have an
emission spectrum that perfectly overlaps with the absorp-
tion spectrum of the absorbing species. Using values that are
typical for the chemistry and devices of the present inven-
tion, Table 1 shows the calculation for one analyte concen-
tration. As shown in Table 1, an analyte having a concen-
tration of 1.5 mM gives an absorbance of 0.25 (44%
transmission) after dilution 1:30 when measured at the
maximum absorbance (at A max=>50,000) with a pathlength
of 0.1 cm, which would be typical of single use cartridges.
FIG. 9 demonstrates the spectral response at this concentra-
tion, from which it can be seen that the best response is at
A max of 500 nm.
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TABLE 1

Conditions for spectra

Luminescence

Amax 500 nm
Half width 30 nm
Intensity 100000 counts (total)
Absorption
Amax 500 nm
Half width 40 nm
€M (Amax) 50000
Pathlength, | 0.1 cm
Conc. 1.50E-03M
(sample)
Dilution 30 Fold
A @ Mmax 2.50E-01
AT@ hmax 4.38E+01%
Example 3
Cholesterol Assay

Using the parameters given in Example 2, the response of
a cholesterol assay is shown in FIG. 10 based on attenuation
of light at A max. As shown in FIG. 10, the assay signal
measured at A max is well modulated over the clinical range
of tested cholesterol levels.

Example 4

Assay Simulation for a Light Source and Absorbing Species
Having Offset Spectrums

In this example, the parameters are as given in Example
2, with the exception that there is a large offset between the
spectrum of the light source and the absorption spectrum,
with A max being 50 nm higher for the absorption spectrum
(550 nm rather than 500 nm). As seen in FIG. 11, the light
attenuation at the A max of emission (500 nm) is much less
than for the ideal case, as shown in FIG. 9. At higher
wavelengths, however, the fractional signal modulation
between the two spectrums is improved, albeit at a lower
signal level of absorption than that seen at A max. While the
light emission and absorption spectrums will preferably
overlap exactly, the overlap need not be an exact match for
utility in the present invention.

Example 5

Use of an Edge Filter to Improve Signal Modulation

As shown in Example 4, overlap between light emission
and absorption spectrums need not be an exact match for use
in the present invention. However, monochromatic light
sources and/or filters can generally be used to create a near
exact match of the characteristics between a light source and
the colored product absorption. Using the same parameters
as used in Example 4, FIG. 12 demonstrates use of an edge
filter with a cut-off of 490 nm used on either the light
transmission or detection side of the optical system to
improve signal modulation.

While preferred embodiments of the present invention
have been shown and described herein, it will be obvious to
those skilled in the art that such embodiments are provided
by way of example only. Numerous variations, changes, and
substitutions will now occur to those skilled in the art
without departing from the invention. It should be under-
stood that various alternatives to the embodiments of the
invention described herein may be employed in practicing
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the invention. It is intended that the following claims define
the scope of the invention and that methods and structures
within the scope of these claims and their equivalents be
covered thereby.

What is claimed is:

1. A method of detecting an analyte in a small-volume
blood sample obtained from a subject, comprising:

a) obtaining a sample of blood from a subject by lancing
or pipetting, said blood sample having a volume of less
than about 500 pl;

b) pre-treating the blood sample by one or more of
diluting, mixing, drying, evaporating, centrifuging, and
extracting;

¢) introducing the blood sample into a fluidic device
comprising a sample collection unit and an assay
assembly, said assay assembly comprising reactants
that are capable of reacting with said analyte;

d) allowing the blood sample to react with said reactants
contained within said assay assembly to yield a colored
product having an absorbance spectrum corresponding
to at least one wavelength from a light source located
within said fluidic device;

e) transmitting the at least one wavelength to the fluidic
device from said light source, wherein said light source
comprises a luminescent paint; and

f) detecting a change in absorption of light of the at least
one wavelength transmitted to the fluidic device,
wherein said change in absorption is indicative of the
presence of the analyte in the blood sample.

2. The method of claim 1, wherein the amount of absorp-
tion is related to the analyte concentration in the blood
sample.

3. The method of claim 1, wherein the amount of absorp-
tion is stoichiometrically related to the analyte concentration
in the blood sample.

4. The method of claim 1, wherein the light source further
comprises a light emitting diode.

5. The method of claim 1, wherein said luminescent paint
is coated in said assay assembly.

6. The method of claim 1, wherein the analyte is selected
from the group consisting of drugs, drug metabolites, bio-
markers indicative of a disease, tissue specific markers, and
tissue specific enzymes.

7. The method of claim 1, wherein the analyte is selected
from the group consisting of HDL cholesterol, LDL choles-
terol, total cholesterol, lipids, glucose, and enzymes.

8. The method of claim 1, wherein the wavelength is in a
range of about 400 to about 800 nm.

9. The method of claim 1, wherein said fluidic device
detects a plurality of analytes and said fluidic device com-
prises reactants for said plurality of analytes.

10. The method of claim 1, wherein said assay assembly
is configured to 1) run an enzymatic assay yielding a colored
product, or ii) run an immunoassay, or iii) both 1) and ii).

11. The method of claim 1, wherein the reactants are
selected from the group of enzymes, enzyme substrates, and
combinations thereof.

12. The method of claim 1, wherein said sample of bodily
fluid is less than about 50 ul.

13. The method of claim 1, further comprising the step of
quantifying the amount of said analyte present in said bodily
fluid after said detecting step.

14. The method of claim 1, wherein said introducing
comprises metering a predetermined portion of said sample
to be assayed in said sample collection unit, wherein said
predetermined portion of the sample consists of a portion of
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the sample having a volume determined by the dimensions
of an element of said sample collection unit.

15. The method of claim 14, further comprising diluting
and mixing said predetermined portion of said sample with
a diluent in said fluidic device after the metering step to yield
a diluted sample.

16. The method of claim 15, wherein said predetermined
portion of said sample is less than 50 ul.

17. The method of claim 15, wherein said predetermined
portion of said sample is less than 20 ul.

18. The method of claim 15, wherein said predetermined
portion of said sample is about 10 ul.

19. The method of claim 15, further comprising filtering
said diluted sample before allowing said diluted sample to
react with said reactants.
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